To investigate changes in Pseudomonas aeruginosa (PA) and methicillin-resistant Staphylococcus aureus (MRSA) and their antibiotic sensitivities over 13 years in patients diagnosed with chronic suppurative otitis media (CSOM).
INTRODUCTION
Chronic suppurative otitis media (CSOM) is characterized by a perforated tympanic membrane with persistent discharge from the middle ear caused by bacteria, fungi, and viruses, resulting in the inflammation of the mucosal lining. Chronic inflammation of the mastoid cavity and middle ear are characteristic of CSOM; however, the mechanism of chronic infection has not yet been determined [1] . Without appropriate treatment, CSOM may result in various complications. CSOM can be classified as perforated non-cholesteatomatous chronic otitis media (COM), with perforation of the tympanum, and chronic cholesteatomatous otitis media (CCOM), with cholesteatoma formation regardless of eardrum perforation [2] .
In general, Eustachian tube dysfunction and bacterial infection are the most frequent causes of CSOM; thus, the selection of appropriate antimicrobial agents is an important aspect of its treatment [3] . The recent abuse of antimicrobial agents, however, has led to changes in the major pathogens causing CSOM and in their antibiotic sensitivities. Many studies have reported that the most frequently detected frequently in patients with CSOM are Staphylococcus and Pseudomonas aeruginosa (PA); increases in the resistance of these pathogens to antimicrobial agents have made them difficult to treat [4] . Empirical antibiotic treatment of patients with antibiotic-resistant bacteria, such as quinolone-resistant PA and methicillin-resistant Staphylococcus aureus (MRSA), which have been increasingly identified in infectious diseases, may result in treatment failure or complications [5, 6] .
We determined the predominant pathogenic strains of CSOM according to patient gender and age distribution and their changes in antimicrobial susceptibility over 13 years from 2001 to 2013. We also investigated changes in the primary pathogens and their antibiotic sensitivities in subgroups of patients diagnosed with COM and CCOM to select appropriate antimicrobial agents for COM was defined as chronic inflammation of the middle ear and mastoid cavity lasting >6-12 weeks and presenting as recurrent ear discharge or otorrhea through a tympanic perforation. CCOM was defined as a pocket or perforation (opening) in the eardrum, often with drainage or deposits of old skin cells on otoscopy. The study protocol was approved by the institutional review board of Kyung Hee University Medical Center.
Samples, Bacterial Culture, and Antimicrobial Susceptibility Tests
An otorrhea sample was collected from each patient on the first day of their hospital visit. After cleansing of the external auditory canal, the otorrhea sample was aseptically collected using sterilized cotton while employing an antiseptic otoscope to prevent contact with the external auditory canal. In addition, discharge and middle ear fluid samples were collected from patients during middle ear surgery, including mastoidectomy, tympanoplasty, and ventilation tube insertion.
Each collected sample was added to Stuart's transport medium and was used to inoculate blood agar medium and fluid thioglycollate medium. All cultures were incubated for at least 24 h at 35 °C, and the resultant bacteria were identified by biochemical tests and gram staining. Antimicrobial susceptibility tests were performed after bacterial recognition, following the guidelines of the National Committee for Clinical Laboratory Standards (NCCLS) [7] .
Gram-positive bacteria were evaluated for sensitivity to penicillin, trimethoprim/sulfamethoxazole (TMP/SMX; SPT; co-trimoxazole), clindamycin, erythromycin, vancomycin, tetracycline, teicoplanin, linezolid, ciprofloxacin (CIP), cefoxitin (CFT), rifampin, and oxacillin. Gram-negative bacteria were evaluated for sensitivity to amikacin (AMK), tobramycin (TOB), gentamicin (GM), ceftazidime (CAZ), cefepime (CFP), CIP, piperacillin (PIP), PIP/tazobactam (PITA), imipenem (IMP), and levofloxacin (LFX). Ten antimicrobial agents were categorized into five classes-aminoglycosides (AMK, GM, TOB), antipseudomonal penicillins (PIP, PITA), cephalosporins (CAZ, CFP), quinolones (CIP, LFX), and carbapenems (IMP)-to evaluate the tendency of PA resistance to antimicrobial agents.
Statistical Analysis
All statistical analyses were conducted using SPSS for Windows, version 16 (IBM Company; Chicago, IL, USA). Cultured bacteria from various age groups were compared using chi-squared test. Trends in antimicrobial susceptibility over 13 years were assessed by linear association. Statistical significance was defined as p-value less than 0.05.
RESULTS

Bacterial Culture and Major Strains Isolated according to Gender and Age
Culture tests on samples collected from the 2256 patients showed the presence of bacteria in samples from 1705 patients (75.6%), fungi in samples from 59 patients (2.6%), and neither bacteria nor fungi in samples from 492 patients (21.8%). Of the 1749 patients diagnosed with COM, 1309 (74.9%) were positive for bacteria, 46 (2.6%) were positive for fungi, and 394 (22.5%) were negative for both. Of the 507 patients with CCOM, 396 (78.1%) were positive for bacteria, 13 (2.5%) were positive for fungi, and 98 (19.4%) were negative for both. Table 1 shows the distribution of patients with CSOM according to gender and age. The highest numbers of patients diagnosed with CSOM were aged 41-50 years, followed by those aged 51-60 years. In patients aged over 30 years, CSOM was more frequent in females than in males, whereas in those aged under 30 years, the proportion of males was higher.
Staphylococci were isolated from 998 (58.1%) patients; of these, 47% were males and 53% were females. The most commonly affected age group consisted of patients aged 41 to 50 years, while the least affected age group included those under 20 years old ( Table 2) . PA was isolated from 460 (26.9%) patients; of these, 44% were males and 56% were females. Similar to patients infected with Staphylococcus aureus, the most commonly affected age group was aged 41 to 50 years, whereas the least affected age group was under 20 years old (Table 3) .
Antimicrobial Susceptibility Tests
Methicillin-resistant Staphylococcus aureus strains isolated from 181 patients showed 100% sensitivity to teicoplanin and vancomycin and 92.2% sensitivity to co-trimoxazole. These strains, however, showed low sensitivity to other antimicrobial agents, in particular, 100% resistance to penicillin, tetracycline, cefoxitin, and oxacillin. Bacteria isolated from patients with CSOM showed particularly low sensitivity to erythromycin, CIP, and rifampin.
Methicillin-susceptible Staphylococcus aureus (MSSA) strains isolated from 625 patients showed 100% sensitivity to teicoplanin and vancomycin, 95.3% sensitivity to co-trimoxazole, and 18-60% sensitivity Table 1 . Gender and age distribution of patients with CSOM to other antimicrobial agents except for penicillin. Coagulase-negative Staphylococcus (CNS) strains isolated from 190 patients showed 100% sensitivity to teicoplanin and vancomycin, similar to the findings for MRSA, as well as 70% sensitivity to clindamycin. However, isolated CNS strains showed 20-50% sensitivity to other antimicrobial agents, with ≥90% resistance to penicillin and tetracycline (Table 4) .
Pseudomonas aeruginosa strains isolated from 471 patients showed 81.7% sensitivity to CFP and AMK, as well as relatively high sensitivities to aztreonam (71.3%), CAZ (69.6%), and IMP (52.2%). These strains, however, showed low sensitivity to quinolone antimicrobial agents, including LFX (9.8%) and CIP (38.4%), and to aminoglycoside antimicrobial agents such as TOB (28.1%) and GM (29.3%) ( Table 5 ). The antibiotic resistances of Staphylococcus and PA did not differ with respect to age and gender.
Annual Isolation Rates and Trends of Bacterial Strains in Each OM Group
Regardless of CSOM subtype, the isolation rates of MSSA were the highest (30-40%), followed by PA (15-30%) and MRSA (10-25%), with no significant changes in relative isolation rates over the 13-year study period. Strains from patients with COM and CCOM indicated similar patterns. The prevalence rate of MRSA generally decreased from 2001 (21.4%) to 2013 (14.9%), while the that of MSSA tended to increase; the PA isolation rate was relatively unchanged (Figure 1 ). Among the PA isolates, however, there was a significant increase in resistance to aminoglycosides over time, from 31.1% in 2001 to 54.5% in 2013, and resistance to quinolones, from 16.2% in 2001 to 65.3% in 2013. The levels of PA resistance to IMP and antipseudomonals increased slightly over 13 years. COM and CCOM showed similar patterns ( Figure 2) . The overall rates of non-susceptibility of MRSA to various antimicrobial agents were unchanged over the 13-year period, while all MRSA strains were susceptible to teicoplanin and vancomycin ( Figure 3 ).
DISCUSSION
Chronic suppurative otitis media refers primarily to chronic inflammation of the middle ear and mastoid cavity, with a perforated tympanic membrane and drainage. CCOM has been found to occur when keratinized squamous epithelium invades the middle ear and destroys nearby tissues. CCOM may also be involved in the severity and maintenance of inflammation [8] .
Because the primary causes of CSOM are Eustachian tube dysfunction and bacterial infection, many studies have investigated the pri- Table 2 . Staphylococcus cultured from patients with CSOM according to age The bacterial isolation rate in patients with COM and CCOM is approximately 80%, regardless of otorrhea [9] . Similarly, we were able to isolate bacteria from 75.5% of the patients with CSOM. In addition to pathogenic bacteria, the normal flora that always exist in the exter- nal auditory canal include S. auricularis, S. epidermidis, S. capitis, and Corynebacterium [10, 11] . We found that the rates of isolation of pathogenic bacteria, including PA, MRSA, and MSSA, were high. This result indirectly confirms that the sample collection was in accordance with standards for bacteriologic examination and that the likelihood of sample contamination with the normal flora in the external auditory canal was low. CSOM has mostly been found among children and young adults in developing countries and lower socioeconomic groups. This may be due to their low resistance to infection and their relatively short and straight Eustachian tubes. In this study, however, the most frequent age group of patients with CSOM (27.3%) was 41 to 50 years. The incidence rate of CSOM according to age and the bacterial detection rate of MRSA and PA showed similar patterns. We assumed that specific bacteria in a particular age group did not cause CSOM. PA isolates were found in teenaged patients, whereas MRSA was rare; this finding was different from that observed in developing countries [12] .
In this study, females were more commonly affected than males, similar to findings in Singapore [13] . Other studies, however, have shown the opposite trend, likely due to geographical variations. Males are generally regarded to be more vulnerable to infection than females. The reason for this is that androgens in males and estrogens in females modulate host immunity, and these sex steroids affect disease resistance genes and behaviors [14] . Although one epidemiologic study reported a slightly higher male predominance in patients with cholesteatoma irrespective of age [15] , we found that the incidence of CSOM was slightly lower in males than in females, suggesting that gender predominance is associated with gender differences in immune responses. This hypothesis, however, requires further verification, such as the measurement of serum immunoglobulin concentrations in males and females with cholesteatoma. In addition, advanced age was shown to be a significant predictor of antibiotic-resistant community-associated bloodstream infection [16] . In this study, the incidence of CSOM tended to increase; however, there were no age-associated differences in antibiotic resistance.
The isolated MSSA strains showed 100% sensitivity to the antimicrobial agents teicoplanin and vancomycin, intermediate sensitivity (50%) to CIP, and low sensitivity (≤40%) to other antimicrobial agents. MSSA strains isolated from patients with CSOM and CCOM had sensitivities of 20-60%. These findings indicate that regardless of CSOM subtype, isolated MSSA strains have high sensitivity to teicoplanin, vancomycin, and co-trimoxazole and intermediate sensitivity to CIP; however, they have low sensitivity to other antimicrobial agents such as erythromycin and amoxicillin.
Empirical antibiotics, such as CIP, have been reported to be effective against various gram-positive and gram-negative bacteria that cause CSOM [17] . However, we found that MSSA strains isolated over the 13-year study period showed altered antibiotic sensitivity profiles. Our findings indicate that the use of amoxicillin and CIP as primary empirical antibiotics in patients with CSOM should be reviewed.
The culture positive isolation rate of MRSA from aural discharge samples has been reported to decrease in patients with CSOM since the early 2000s [18] . This finding was contrary to our expectation that infections caused by MRSA would rapidly increase due to the misuse of antibiotics. The decreased isolation rate of MRSA is likely due to increased concerns about infections caused by antibiotic resistant bacteria, isolation of infected patients, and improved personal hygiene, all of which are efforts designed to prevent bacterial transmission. We found that the isolation rate of MRSA in all patients with CSOM over the 13-year study period decreased from 2001 (21.4%) to 2013 (14.9%).
As MRSA is resistant to methicillin and other antibiotics, it cannot be effectively treated by conventional antibiotics alone. We found that regardless of CSOM subtype, most isolated MRSA strains showed 100% sensitivity to teicoplanin and vancomycin and 90% sensitivity to TMP/SMX; however, they showed low sensitivity (<10%) to other antibiotics. Antibiotics effective in treating MRSA give rise to more complications than those effective against MSSA, suggesting that the former may carry a higher risk of morbidities related to these complications [19] . Thus, it is important to select antibiotics with sufficient antimicrobial effects to treat patients with CSOM.
Pseudomonas aeruginosa is a bacterial species that is difficult to treat as it does not have particular environmental or nutritional requirements to grow and is highly resistant to conventional antibiotics [20] . In addition, PA strains isolated from different individuals have different antibiotic sensitivities, emphasizing the importance of simultaneous bacterial identification and antibiotic sensitivity testing to identify appropriate antibiotics. We found that the isolated PA strains had ≥70% sensitivity to CFP, AK, and CAZ but that they were resistant to GM, TOB, and quinolone antibiotics such as CIP and LFX. These findings were similar in the CSOM and CCOM groups. Thus, in patients thought to have otorrhea caused by PA, empirical antibiotics conventionally used to treat otorrhea are unlikely to achieve appropriate treatment outcomes.
The levels of PA resistance to CFP and CAZ have increased from 2001 to 2013. This increases the difficulty of choosing appropriate antibiotics. PA resistance to aminoglycosides and quinolones showed a tendency to increase continually; on the other hand, the resistance of PA to other antibiotics has not changed. Because PA is innately resistant to antibiotics, the resistance to quinolones and aminoglycosides of domestic PA strains with otorrhea may be strengthened by hereditary features or the abuse of these medications. Quinolones are a critical group of antibiotics widely used in diverse infectious diseases in adults, including respiratory, urinary tract and bone and joint infections, due to their excellent spectra of activity, good tissue penetration, and convenient administration routes. The empirical treatment of patients with CSOM by quinolones without antibiotic susceptibility tests or cultures may reinforce resistance to quinolones. This seems to result in quinolones no longer being primary antibiotics to CSOM.
In conclusion, the analysis of changes in bacterial isolation rates in patients with CSOM and the antibiotic sensitivities of these bacteria over a 13-year study period showed that the bacteria responsible for each type of CSOM changed little over time. However, the antibiotic resistance of these bacteria was altered, with a marked increase in PA strains resistant to quinolones. The replacement of antibiotics primarily used to treat CSOM and quinolone use, in general, should be considered.
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